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Precision Control of a Torque Standard Machine Using Fuzzy Controller

Gab-Soon Kim* and Dae-Im Kang**

ABSTRACT

This study describes the precision control of the torque standard machine using a self-tuning fuzzy controller. The
torque standard machine should generate the accurate torque for calibrating a torque sensor. In order to reduce the
relative expanded uncertainty of the torque standard machine, when a weight is hanged to the end of the torque arm for
generating the torque, the sloped torque arm should be accurately controlled to the horizontal level. If the slope of the
torque arm is larger from the inaccurate control, the uncertainty of the torque standard machine due to the control will be
larger. This applies the inaccurate torque to a torque sensor to calibrate, and the measuring error of the torque sensor
generate from it. Therefore the torque arm of the torque standard machine-is accurately controlled. In this paper, the self-
tuning fuzzy controller was designed using a fuzzy theory, and the torque arm of the torque standard machine was
accurately controlled. The control gain of the fuzzy controller, that is the membership function size of the error, the
membership function size of the error change and the membership function size of the controller were determined from
the self-tuning. The control results of the torque standard machine were the overshoot within 0.0076 mm, the rise time
within 16.70 sec and the steady state error within 0.0076 mm.
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7154 Y(k) : output value of torque standard machine .
e(k) : error at the sampling time k
e(k) : error at the sampling time k e(k—1) : error at the sampling time k-1
ce(k) : change in error at the sampling time k ce(k) : change in error at the sampling time k
Upy (k) : membership grade of the controller output OV : overshoot
U (k) : membership grade of the error RT : rise time
Ucg (k) : membership grade of the error change EO: error at the steady state
U (k) : output of the controller
Dui(k) : length form DZO0 to center of linguistic variable 1. M8
of the controller output
R(k) : reference value ' EA A (torque sensor)= A (calibration) =&
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Fig. 1 Membership function for a fuzzy control
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A A7 ¥ A 3} (fuzzification part), 2| 2]
719 (knowdge base part), HX]FE XK (fuzzy
inference part), H| 3 A} 8} % (defuzzification part)Z 7
Aed. HA s HA A7 FEE7T ¥y
Q1 2z, AR HAEE S HAYLE &3}
nE 7 ¥5ES HA 3= Aot 7 ®sE
o] HR|ge 243 (membership function)S ©] &
3t A% E(membership grade)Z JERA H o)},
Fig. 1 & HX|A|o)7]9 24845 veld AoH,
(@)% 2219 oS (linguistic variable of error), (b)
= A3 o] M S(linguistic variable of error
change), (o) Ao7] &89 <Jol¥ 4 (linguistic
variable of controller output)E WERH Z o]t} Fig. 1
ol NB, NM, NS, ZE, PS, PM, PB & t}33 &2
u|E zh= dojHSEo|t) NB £ Negative Big,
NM & Negative Medium, NS = Negative Small, ZE
T Zero, NS + Positive Small, PM < Positive
Medium,; PB = Positive Big ©]T}. -Ee3, -Ee2, -Eel, Z0,
Eel, Ee2, Ee3 & 2x}9] o4 A7), CEe3, -
CEe2, -CEel, CZ0, CEel, CEe2, CEe3 = 2.3} 3}9
o) 37], -Du3, -Du2, -Dul, DZ0, Dul, Du2,
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Du3 & Ao71&28 9 o4 Avjelth
A7) z)o} FH (control rule)©]Th Ao
QHMEE 93} k) & 223} ce(k) 2 3HA
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Table 1 Control rule

ece NB (NM| NS | ZE | PS | PM | PB
NB | NB |NB|NB|NB|NM| NS |ZE
NM | NB | NB | NB |NM| NS | ZE | PS
NS [ NB[NB |NM | NS | ZE | PS | PM
ZE | NB [NM | NS | ZE | PS | PM | PB
PS |[NM{ NS | ZE | PS | PM | PB | PB
PM | NS | ZE | PS |PM | PB | PB | PB
PB | ZE | PS {PM | PB | PB | PB | PB

HRF2L Z4zte] £ F§ste AAEA
PAL Fo R o|Fo AT 27| EH T A A o
718} 71 ZAH A A o] 7] = Mamdani ©] minimum
229e o]&3ld FE&tt. Mamdani
minimum F8H9 2£J5E 4 (D2 YEd

& k.
o () = 1K) A g (k) W

A 2" Aojol ) 23} ek) & ZB € PS, &
X#3} cek) E PS o PM ©lgt 7HASIRL o] A&
Table 1] Dyt FE38W o3 2.

If e(k) is ZE and ce(k) is PS, Then Du(k) is PS
If e(k) is ZE and ce(k) is PM, Then Du(k) is PM
If e(k) is PS and ce(k) is PS, Then Du(k) is PM
If e(k) is PS and ce(k) is PM, Then Du(k) is PB
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%9 disturbance, torque applied by weights), (5)7F
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Fig. 2 (a) Schematic diagram of a torque standard

machine

Fig. 2 (b) Photograph of a torque standard machine
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Fig. 3 Block diagram for controlling a torque standard
machine
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Fig. 6 Flow chart for a self-tuning fuzzy controller
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